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ABSTRACT 

We have studied the relationship between the nuclear (high-resolution) radio emission, 
at 8.4 GHz (3.6 cm) and 1.4 GHz (20 cm), the [O IV] A25.89 /xm, [Ne HI] A15.56 ^^m 
and [Ne II] A 12. 81 /xm emission lines and the black hole mass accretion rate for a 
sample of Seyfert galaxies. In order to characterize the radio contribution for the 
Seyfert nuclei we used the 8.4GHz/[0 IV] ratio, assuming that [O IV] scales with 
the luminosity of the AGN. From this we find that Seyfert I's (i.e., Seyfert 1.0's, 
1.2's, and 1.5's) and Seyfert 2's (i.e., Seyfert 1.8's, 1.9's, and 2.0's) have similar radio 
contributions, relative to the AGN. On the other hand, sources in which the [Ne II] 
emission is dominated either by the AGN or star formation have statistically different 
radio contributions, with star formation dominated sources more "radio loud" , by a 
factor of ~ 2.8 on average, than AGN dominated sources. We show that star formation 
dominated sources with relatively larger radio contribution have smaller mass accretion 
rates. Overall, we suggest that 8.4GHz/[0 IV], or alternatively, 1.4GHz/[0 IV] ratios, 
can be used to characterize the radio contribution, relative to the AGN, without the 
limitation of previous methods that rely on optical observables. 
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1 INTRODUCTION 

Active galactic nuclei (AGN) are among the most power- 
ful objects in the universe with an extraordinary amount of 
energy released from their unresolved nuclei. Active super- 
massive black holes (SMBH) in the center of these galax- 
ies are responsible for the tre mendous diversity in their 
observed energy emission (e.g iReej Il984l: ISanders et al.l 
1 19891 : iPeterson fc Wandell I2OO0I : iPeterson et all 120041 '). De^ 
spite the fact that the unified scheme of AGN has been able 
to ex plain the observed type I/II dichotomy (see Antonuccil 
1 19931 . for a review), it is clear that by looking at different 
wave bands there are additional parameters that can com- 
plement our current understanding of AGN classification 
other than t o be attributed solely to a viewing angle dif- 



ference (e.g.. [ Maiolino et al 



1997 : Gonzalez Delgado et al.l 



I2OOII : iBuchanan et al.ll2006l : iMelendez et al.ll2008bl '). There- 
fore, in order to unveil and understand the complexity of 
these sources, ones needs to rely on multiwavelength stud- 
ies. In particular, the radio and mid-infrared emissions are 
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basically unaffected by dust extinction which make these en- 
ergy bands ideal to investigate the nature of the "hidden" 
nuclear engine. On the other hand, extended radio emission 
and low-ionization mid-infrared emission lines are excellent 
trace rs of star formation activity wh en properly calibrated 
fe.g. . ICondonlll992l : [Ho fc KetoH2007l ) . 

Furthermore, the strength of the observed radio emis- 
sion in AGN seems to follow a bimodal distribution 
falling into "radi o loud" and "ra dio quiet" sources (e.g., 
iMiller et all Il990l : IXu et all Il999l 'l. Historically, the divid- 
ing criterion for the AGN radio loudness was adopted 
to be the ratio between the radio emission, at the most 
commonly used frequency of 5 GHz, and the optical 
continuum at ~ 4400 A, i.e., t he radio-to-optical pa- 
rameter, R = L,^(6cm )/L,^(B) fe.g.. iKellermann et al.lll989l : 
IVisnovskv et al.lll992h . This convention to quantize the ra- 
dio loudness of a source is straightforward when the con- 
tribution from the host galaxy does not affect the observed 
radio and optical components of the AGN, for example in 
quasars, where the active nucleus overpowers the underly- 
ing gala:xy. In the case of Seyfert galaxies the q uantification 
of their radio loudness could be more subtle. I Ho fc Penal 
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l|200ll ) found that most Seyfert 1 galaxies, previously clas- 
sified as radio-quiet, fall into the radio loud regime when 
the nuclear component for the radio-to-optical parameter is 
properly measured. However, even with a resolution of few 
arcseconds, the nuclear component of the optical luminos- 
ity could be contaminated by star formation and is strongly 
affected by dust extinction that may lead to an erroneous 
AGN characterization. 

Previous multiwavelength studies have shown statisti- 
cally significant correlations between the radio core lumi- 
nosity and purportedly orientation-independent measures of 
the intrinsic luminosity of the active nuclei, which suggests 
a common mechanism at nuclear (subkilo parsec) scales, 



accretion onto the black hole fe.i 



Rawlings et alj 



1 19891 : IXu et al.|[l999l : IHoI|2002| : [ Diamond-Stanic et al. I l2009l ) 



On the other hand, the correlations between extra-nuclear 
radio emission and the far-infrared (FIR) luminosity of 
the galaxy suggest a circumnuclear st arburst as the com- 
mon cause for these obsery a bles (e.g., Condon et al.l 19821: 
Condon fc Broderickl 1 19881 : iBaum et all Il993l : IRov et al.l 



19981 ). In this regard, early studies suggested two possible 



scenarios for the origin of the compact radio fluxes observed 
in radio quiet sources: either the radio emission is associated 
with a nuclear starburst or generated by relativistic elec- 
trons accelerated by a low-power jet (similar to radio loud 
sources), with high-res olution radio-imaging obse rvations fa- 
voring the latter (e.g.. iBlundell fc Beaslevlll998f ). More re- 
cently, the good correlation between the X-ray and the radio 
luminosities raise the possibility that radio emission in ra- 
dio q uiet sources may have a coronal origin (|Laor fc Beharl 
I2OO8I ). All these exemplify that the radio properties of the 
AGN are diverse and can be intimately associated with fun- 
damental parameters of the active galaxies, such as the black 
hole mass es, mass accret i on rates, and host galaxy mo rphol- 
ogy (e.g.. lXu et allll999l : [Laoilboool : IWu fc HanH200ll ). 



Recentlv. lMelendez et all l|2008al ) found a tight correla- 
tion in Seyfert 1 galaxies between the [O IV] A25.89 ^m 
and the X-ray 14-195 keV continuum luminosities 
from Swift/BAT observations (iMarkwardt et al.l l2005l : 
iTueller et al. 1 I2OO8I ). A weaker correlation was found in 
Seyfert 2 galaxies, which was attributed to the efl'ect of 
Compton scattering in the 14-195 keV band. These re- 
sults suggest that [O IV] is a truly isotropic property of 
AGNs, given its high ionization potential and that it is ba- 
sically unaffected by reddening, meaning that the [O IV] 
strength directly measures the AGN power. Th is result has 
been later confirmed in more complete samples (|Rigbv et al.l 
|2009| . Weaver et al. submitted to ApJ). Moreover, the strong 
correlation found between [O IV] and the high-ionization 
(~97 eV) [Ne V] A14.32/24.32 urn emission is a further 
argument for [O IV] being a good in dicator for the in- 
trinsic luminosity of the A GN (e.g., iDudik et al] |2009| : 
iGoulding fc Alexandeij |2009| . Weaver et al. submitted to 
ApJ). It is the primary goal of this paper to examine the 
physical relationship between the nuclear radio emission and 
the mid-infrared emission line luminosities in Seyfert galax- 
ies. We use high-resolution radio continuum measurements 
and the [O IV] emission line to investigate the radio loud- 
ness of the Seyfert nuclei and the black hole mass accretion 
rate for a sample of Seyfert galaxies. 
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Figure 1. Correlation between the high-resolution 1.4 GHz and 
8.4 GHz. The dashed lines indicate the flux density relationship 
expected for different spectral indices in Seyfert 1 [circles) and 
Seyfert 2 {triangles) galaxies. 



2 THE SAMPLE 

We have obtained, from the literature, observations with 
the Very Large Array (VLA) i n A-configuration at 8.4- 
GHz (see iThompson et al] Il980l . for instrumental details) , 
with a resolution of 0.25" and the largest detectable 
size of 3.5", for the radio quie t sources in th e sampl e 
of Seyfert galaxies presented in iMelendez et al.l (|2008bh . 
This sample of Seyfert galaxies includes compilations 



fromlDeo et al.l (120071) .iTommasin et al.l (|2008l ). ISturm et all 



20021) . IWeedman et al.l l|2005h and from our analysis of 



archival spectra observed with the In frared Spectrograph 
(IRS) on board Spitzer Space Telescope (jWerner et al.ll2()C)4l ) 
(see Appendix). For comparison, we also have obtained from 
the literature high resolution 1.4 GHz data observed with 
the VLA in B configuration, which has a resolution of ~ 5", 
thus only encompassing the nucleus. Figure[T]shows the good 
correlation between the 1.4 GHz and 8.4 GHz fluxes and the 
distribution of their spectral indices. The good correlation is 
expected as in high-resolution both fluxes are dominated by 
the active nucleus. One needs to consider that the spectral 
indices may provide a lower limit to the nuclear component, 
as the 1.4 GHz B-configuration fluxes could include some 
extranuclear emission, thus a possible contamination from 
star formation. In this regard, and in order to complete this 
set of high-resolution 8.4 GHz fluxes, we extrapolated high- 
resolution observations at different frequencies to 8.4GHz 
by assuming a conservative oc as determined by 

the spectral indices distribution. Finally, in order to check 
on the effect of radio emission regions on scales bigger than 
that sampled by the VLA in B configuration at 1.4 GHz, we 
compared these data with fiuxes from the NRAO VLA Sky 
Survey (NVSS), which has a resolution of ~ 45". We found 
an excellent correlation between VLA in B configuration at 



1.4 GHz and NVSS fluxes. 



0.1 



Pr < 10"", that sug- 



gests that, in our sample, compact nuclear regions dominate 
over large-scale extranuclear emission regions. 

The final sample includes 29 Seyfert I's (i.e., Seyfert 
1.0's, 1.2's, and 1.5's) and 59 Seyfert 2's (i.e., Seyfert 1.8's, 
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1.9's, and 2.0's), which are listed in Table [T] There are six 
upper limits for the 8.4 GHz emission, two Seyfert 1 galax- 
ies and four Seyfert 2 galaxies. Note that it was not possible 
to find 8.4 GHz high-resolutio n fluxes for all the galax ies in 
the sample first presented by iMelendez et al.l (|2008bl ). The 
total radio luminosity, Lg.4GHz = !^Liy(8.4GHz) (ergs/s), and 
the different mid-infrared emission-line luminosities are cal- 
culated from the fluxes assuming Ho = 7f kms~^Mpc~^ and 
a deceleration parameter Qo = 0. At the median redshift 
for the sample, z — 0.02, 1" represents ~400 pc. Further- 
more, for a full aperture extraction, Spitzer short-low (low- 
resolution, R~ 60 — 127) and short-high (high-resolution, 
R~ 600) slits will sample, in the dispersion direction, a re- 
gion equivalent to the region sampled by the VLA in B- 
conflguration at 1.4- GHz. 

In order to confirm that our sample is not biased in 
terms of luminosities we compared the different luminosi- 
ties for both the mid-infrared emission lines and the radio 
continuum luminosities for the two groups of galaxies. The 
histograms of [Ne II], [Ne HI] and [O IV] luminosities and 
8.4 GHz continuum luminosities are presented in Figure [5] 
with the results from the Kolmogorov-Smirnov (K-S) test 
presented in Table (2] This table also includes information 
about the numbers of Seyfert 1 and Seyfert 2 galaxies, me- 
dian values and standard deviations of the mean for the mea- 
sured quantities. For the 8.4 GHz continuum the K-S test 
returns a ~ 82.0% probability of the null hypothesis (i.e., 
that there is no difference between Seyfert 1 and Seyfert 2 
galaxies), or in other words, two samples drawn from the 
same parent population would differ this much ~ 82.0% of 
the timsQ. For the [Ne II], [Ne HI] and [O IV] luminosity 
distributions the K-S test returns a ~ 96.9%, 47.9% and 
~ 27.8% probability of the null hypothesis, respectively. 

It can be seen that Seyfert 1 and Seyfert 2 galax- 
ies have simila r distri bution of values. As discussed in 
lMelende~ et all (|2008bD . there is an apparent lack of low 
luminosity Seyfert 1 galaxies in the [O IV] and [Ne III] 
distribution, but we find this difference not to be statis- 
tically significant, as shown by the K-S test results. More- 
over, the sample presented in this work spans the same range 
on [O IV] luminosities as the revised Shapley-Ames sample 
iDiamond-Stanic et al.|[2009l ). The good agreement between 
Seyfert 1 and Seyfert 2 galaxies in the radio continuum and 
mid-infrared emission line luminosity distributions demon- 
strates the isotropic properties of these quantities. 



3 MID-INFRARED AND THE 8.4 GHZ 
(3.6 CM) EMISSION 

In order to understand the different contributions to the ra- 
dio core emission and its interaction with the narrow-line 
region in Seyfert galaxies we investigated the mid-infrared 
emission line and 8.4 GHz correlations. One should note 
that, due to redshift effects, luminosity-luminosity plots will 
almost always show some correlation. Furthermore, caution 



^ A probability value of less than 5% represents a 2a level 
of significance that two samples drawn from the same popu- 
lation are different. A strong level of signific ance, at 3cr level , 
is obtained for values small er than 1% (e.g.. [Press et al]|l992l : 
iBevington fc Robinso"iill2003l) 




Figure 2. Comparison of the [Ne II] , [Ne III] , [O IV] and 8.4 GHz 
luminosities (in ergs s~^) in Seyfert 1 {dashed line) and Seyfert 
2 (solid line) galaxies. This sample includes 29 Seyfert 1 galaxies 
and 59 Seyfert 2 galaxies for the mid-infrared luminosity distribu- 
tions. Upper limits are not included in the 8.4 GHz luminosity dis- 
tribution. The K-S test for these luminosities returns a ~ 96.9%, 
~ 47.9%, ~ 27.8% and ~ 82.0% probability of the null hypoth- 
esis for the [Ne II], [Ne III], [O IV] and 8.4 GHz luminosities, 
respectively 



must be taken when applying statistical analysis to data 
sets that contain non-detections (upper limits), or "cen- 
sored" data points. In order to deal with these problems 
we used Astronomy SURVival analysis ASURV Rev 1.2 
(|lsobe fc FeigelsonI Il990l : iLavallev etlo] Il992l) which im- 



plement the methods presented in llsobe et al. I (!l986'). We 
also used a test for par tial correlation with censored data 
l|Akritas fc Siebertll 19961 ) in order to exclude the redshift ef- 
fect in the correlations. A detailed comparison between the 
correlation coefficient for different radio-to-mid-infrared cor- 
relations is presented in Table [S] 

We first considered the ratio between the radio contin- 
uum at 8.4 GHz (LsAGHz) and the [O IV] emission line. 
The K-S test for this ratio returns a ~ 8.2% probabil- 
ity of the null hypothesis (see Table [21 . Therefore, the ra- 
dio emission relative to the power of the AGN, as mea- 
sured by the [O IV] emission, is statistically similar in both 
Seyfert 1 and Seyfert 2 galaxies, sugg esting the isotropic 
property of the rad io emission (e.g., iThean et all 1200 ll : 
iDiamond-Stanic et a l. 2009). This result is expected because 
the radio emission is expected to be unaffected by the torus. 
When using the generalized Spearman correlation test to 
compare this ratio with the [O IV] and 8.4 GHz luminosi- 
ties we find no correlation with the [O IV] luminosities 
{pa = 0.05; Pp — 0.64) and a good correlation with the 
8. GHz luminosity {p^ = 0.72; Pp < 1 x 10"®), see Figure O 
These results suggest that the radio loudness of the source 
cannot be associated solely with the strength of the AGN. 
In the following section we will elaborate on the implica- 
tions of this result in view of the link between radio loud- 
ness and the mass accretion rates for the AGN. From the 
8.4GHz/[Ne III] and 8.4GHz/[Ne II] ratios we found that 
Seyfert 1 and Seyfert 2 galaxies also have statistically sim- 
ilar distributions. The K-S test returns a 57.3% and 81.6% 
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Table 1. The Infrared Sample of Seyfert Galaxies 
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2,19,25 


NGC 2639 


0.0111 


1.9 


39.42 


38.59 


7.94 


-2.48 


-0.48 


-0.78 


-1.05 


s 


2,19,41 


NGC 2992 


0.0077 


2 


38.64 


38.57 


7.87 


-1.19 


-2.48 


-2.26 


-2.21 


A 


2,20,25 


NGC 3079 


0.0037 


2 


38.37 


38.09 


7.97 


-2.39 


-1.66 


-1.55 


-2.28 


S 


3,15,41 


NGC 3227 


0.0039 


1.5 


37.51 


37.57 


7.63^ 


-1.78 


-2.77 


-2.85 


-2.80 


A 


3,15,28 


NGC 3516 


0.0088 


1.5 


37.64 


37.35 


7.63^ 


-1.27 


-3.16 


-3.00 


-2.49 


A 


3,13,28 


NGC 3660 


0.0123 


2 


<36.92 




6.83 


-1.21 


-3.16 


-2.77 


-3.41 


S 


2,25 


NGC 3783 


0.0097 


1.5 


38.14 




7.47^ 


-1.14 


-2.65 


-2.59 


-2.49 


A 


1,28 


NGC 3786 


0.0089 


1.8 


37.16 


37.46 


7.53 


-1.46 


-3.35 


-3.15 


-3.12 


A 


3,20,36 


NGC 3982 


0.0037 


2 


36.29 


36.22 


6.37 


-2.05 


-2.47 


-2.87 


-3.38 


S 


3,15,41 
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Table 1 - continued The Infrared Sample of Seyfert Galaxies 



Name 


z 


Type 


L8.4GHZ 
(log er^ 


Ll.4GHz 


log Mbh 

(M/Mq) 


logLboi/LEdd 


R[Oiv] 


R[NcIII] 


R[NcII] 


MC 


Ref. 


NGC 4051 


0.0023 


1.5 


35.77 


36.50 


6.28<= 


-1.16 


-3.80 


-3.66 


-3.53 


A 


3,15,28 


NGC 4151 


0.0033 


1.5 


38.16 


38.04 


7.12'= 


-0.81 


-2.61 


-2.61 


-2.35 


A 


3,15,28 


NGC 4388 


0.0084 


2 


38.08 


37.88 


7.10 


0.04 


-3.50 


-3.09 


-3.03 


A 


3,15,25 


NGC 4501 


0.0076 


2 


<36.32 


36.67 


7.81 


-2.54 


-3.40 


-3.45 


-3.62 


S 


2,15,41 


NGC 4507 


0.0118 


1.9 


38.11 




7.56 


-0.94 


-2.95 


-2.83 


-2.90 


A 


5,25 


NGC 4748 


0.0146 


1 


37.70 




6.44 


0.69 


-3.88 


-3.16 


-2.83 


A 


5,31 


NGC 4941 


0.0037 


2 


37.00 


36.77 


6.88 


-1.46 


-2.86 


-2.84 


-2.63 


A 


1,19,25 


NGC 4968 


0.0099 


2 


38.01 


37.98 


7.25 


-0.90 


-2.79 


-2.69 


-2.69 


A 


2,13,25 


NGC 5005 


0.0032 


2 


37.20 


37.14 


7.87 


-2.73 


-2.39 


-2.34 


-2.91 


S 


2,15,41 


NGC 5256 


0.0279 


2 


39.32 


39.12 


6.92'' 


0.65 


-2.70 


-2.48 


-2.80 


S 


2,15,26 


NGC 5347 


0.0078 


2 


37.24 


36.79 


6.79 


-1.30 


-2.69 


-2.49 


-2.59 


A 


1,19,36 


NGC 5506 


0.0062 


1.9 


38.86 


38.58 


6.88 


-0.12 


-2.35 


-1.93 


-1.77 


A 


1,15,25 


NGC 5548 


0.0172 


1.5 


38.07 


38.31 


7.83<= 


-1.29 


-2.91 


-2.88 


-2.34 


A 


3,13,28 


NGC 5643 


0.0040 


2 


37.22 


37.29 


6.79 


-0.64 


-3.38 


-3.06 


-2.97 


A 


6,21,25 


NGC 5929 


0.0083 


2 


38.32 


38.17 


7.22 


-1.65 


-1.70 


-1.80 


-2.17 


S 


3,15,31 


NGC 5953 


0.0066 


2 


36.93 


37.92 


6.79 


-0.93 


-3.38 


-3.36 


-4.06 


S 


2,15,25 


NGC 6240 


0.0245 


2 


39.77 


39.85 


9.15 


-1.80 


-2.03 


-2.14 


-2.64 


S 


7,7,42 


NGC 6300 


0.0037 


2 


36.82 




6.92 


-1.31 


-3.24 


-2.84 


-2.83 


A 


6,25 


NGC 6890 


0.0081 


2 


37.25 


37.29 


7.07 


-1.37 


-2.90 


-2.72 


-2.95 


A 


2,19,25 


NGC 7130 


0.0162 


2 


38.93 




7.52 


-0.58 


-2.45 


-2.39 


-2.67 


S 


2,31 


NGC 7213 


0.0058 


1.5 


39.06 




7.99 


-2.86 


-0.51 


-0.93 


-1.22 


S 


1,36 


NGC 7314 


0.0048 


1.9 


36.84 




6.03 


0.02 


-3.65 


-3.17 


-2.84 


A 


2,25 


NGC 7469 


0.0163 


1.5 


38.89 


39.17 


7.09'= 


0.04 


-2.69 


-2.43 


-3.21 


S 


3,22,28 


NGC 7582 


0.0053 


2 


38.41 


38.14 


7.40 


-0.84 


-2.60 


-2.19 


-2.53 


A 


2,21,25 


NGC 7590 


0.0053 


2 


<36 




6.90 


-1.83 


-3.52 


-3.32 


-3.67 


A 


2,25 


NGC 7603 


0.0295 


1.5 


38.73 


38.75 


8.08 


-1.40 


-2.40 


-2.40 


-2.60 


S 


2,15,36 


NGC 7674 


0.0289 


2 


39.79 


39.70 


7.56 


-0.08 


-2.14 


-2.14 


-1.73 


A 


3,23,36 


TOL1238-364 


0.0109 


2 


38.32 


>38.45 


6.83 


-0.79 


-2.17 


-2.62 


-2.68 


S 


2,19,31 


UGC 7064 


0.0250 


1.9 


<37.36 


38.16 






-4.01 


-3.77 


-3.62 


A 


2,15 


UGC 12138 


0.0250 


1.8 


38.34 




7.16 


-0.43 


-2.84 


-2.70 


-2.27 


A 


5,31 


UM 146 


0.0174 


1.9 


38.54 




6.19 


-0.52 


-1.58 


-1.89 


-1.76 


S 


3,31 



8.4 GHz High-resolution data was unavailable, thus we extrapolated measurements from other wavelengths 
assuming, fiy oc u~^'^ 

^ Values for the stellar velocity dispersion from the FWHM of [O HI] A 5007, cr^Qjjjj 

'= Maser Kinematics 

'^ Virial Theorem 

*= Reverbertation Mapping 

■'^ From broad Ha emission 

® ^Ibh ~ ""buige relationship 

Note: The luminosities were calculated from the fluxes using Ho = 71kms~^Mpc~^ and a deceleration 
parameter qo = with redshift values taken from NED. R[oiv]i R[Nelll] ^nd R[Nell] ^^e the 8.4GHz-to- 
mid-infrared parameters. The last two columns show the main contribution (MC) to the [Ne II] emission 
line (A=AGN and S=Star Formation) and the references for the observed high-resolution 8.4 GHz and 
1.4 GHz emission fluxes and black holes masses MbHi respectively. Most of the values for the BH masses 
were calculated by us ing the relationship between the black hole mass and the stellar velocity dispersion 
l|Tremaine et al.ll20ojl. unless noted. 

References: (1) ISchmitt et al.l ll200ll '). (2) iThean et ahl ||2000|V (3) iKukula et al.l lll995^■ (41 
lUlvestad fc WilsonI lll984al'). (5 ) Sc hmitt et al . 2009 , in pr ep. (6) iMorganti et al.l lll999l).77) IColbert et alj 
lll994h. (g) iDavies et al.l lll99Sh. (9) IRov et all lll994l). flO) iHeisler et al.| l |l99g|l. Tilt IRov et al.l lll998l '). (12) 
lUlvestadI lll986l ). (ISl lNagar et ahl l|l999l 'l. (14) ICondon et al. (1987), (15') Bcc ter et al.l lll995l ), Faint Images 
of the Radi o Sky at Twenty Cent imete rs (FIR ST) survey, (16) Ulvestad et al. (1995), (17) 'Unger ct al.1 
lll987tl. (18'l|Sandayist et al.l lll995h. (191 lUlvest ad & Wilson (1989), (20) Ulvestad & Wilson (1984b), {21) 
iMorris et a l. (19851 (221 Lain e et al.l (|2006|1. ( 2 31 iMenon fc H ickson (19851, (241 IGreenhill et al.l (l2003ll. 
('251 ICid Fernandes et al. (20o3l. (261 IWhittlj lll99d l, (271 fKawakatu ct al.' (| 2007|1. (281 IPeterson et al.l 
||2004^, (29 1 iLipari et"S 1I1991II, (3 1 lYoung et al.l jl996ll, (311 [feir cia-Riss mann et aiT ~i 2005 ). (32) 
Wang et al.1 ^2007^, (33 1 lOhta et aU ll2007h. (341 IPahari fc De Robertia a98Sl . (3 51 IHoI koOTll. (361 
Nelson fc Whittle! il995ll. (371 iGreene fc Hoi 1000711. (381 lO'Neill et al.| (|2005| 1. (39) iKirhakos fc Steined 
l|l990h . (401 iRisaliti etld] l|2009l l. (411 IHo et alJ l|2009h . (42l lDovon et al.l jl994h 
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Table 2. Statistical Comparison Between Seyfert 1 and Seyfert 2 Galaxies 







Seyfert 1 






Seyfert 2 








Measurements 




Standard 


Measurements 




Standard 


Pk-S 




Available 


Median 


Deviation 


Available 


Median 


Deviation 


(%) 


Log 8.4GHz/[0 IV] 


27 


-2.8 


0.1 


55 


-2.6 


0.1 


8.2 


Log 8.4GHz/[Ne III] 


27 


-2.6 


0.1 


55 


-2.5 


0.1 


57.3 


Log 8.4GHz/[Ne II] 


27 


-2.5 


0.1 


55 


-2.6 


0.1 


81.6 


Ll.4GHz 


19 


38.3 


0.2 


36 


38.2 


0.1 


86.8 


L8.4GHZ 


27 


38.4 


0.2 


55 


38.4 


0.1 


82.0 


L[oiv] 


29 


41.3 


0.1 


59 


41.0 


0.1 


27.8 


L[NgIII] 


29 


41.0 


0.1 


59 


40.9 


0.1 


47.9 


L[NeII] 


29 


40.9 


0.1 


59 


41.0 


0.1 


96.9 



Note: The last column, Pk— Si represents the Kolmogorov-Smirnov (K-S) test null probability. Upper limits 



for the 8.4 GHz fluxes are not included. 

Table 3. Statistical Comparison of the Relationships Between Radio and Mid-Infrared Emission Lines 
Luminosities for the Sample 



log - log 




Pp 




T 


Pt 




Tp 






p 




All The Sample 
























8.4GHz-[0 IV] 


0.66 


< 1 X 10" 


6 


0.50 


< 1 X 10" 


6 


0.35 


0.08 


< 1 X 


10" 


6 


8.4GHz-[Ne III] 


0.75 


< 1 X 10" 


-6 


0.57 


< 1 X 10- 


6 


0.44 


0.07 


< 1 X 


10" 


6 


8.4GHz-[Ne II] 


0.74 


< 1 X 10" 


^6 


0.54 


< 1 X 10" 


6 


0.40 


0.06 


< 1 X 


10" 


-6 


AGN Dominated Sources 
























8.4GHz-[0 IV] 


0.76 


< 1 X 10" 


-6 


0.58 


< 1 X 10" 


6 


0.46 


0.09 


< 1 X 


10" 


-6 


8.4GHz-[Ne III] 


0.80 


< 1 X 10" 


-6 


0.62 


< 1 X 10" 


6 


0.51 


0.09 


< 1 X 


10" 


-6 


8.4GHz-[Ne II] 


0.82 


< 1 X 10" 


^6 


0.64 


< 1 X 10" 


6 


0.53 


0.09 


< 1 X 


10" 


-6 


Star Formation Dominated Sources 
























8.4GHz-[0 IV] 


0.59 


1.30 X 10" 


-3 


0.42 


5.00 X 10" 


-4 


0.22 


0.12 


6.23 X 


10" 


-2 


8.4GHz-[Ne III] 


0.68 


1.92 X 10" 


-4 


0.51 


2.80 X 10" 


-5 


0.32 


0.12 


8.80 X 


10" 


-3 


8.4GHz-[Ne II] 


0.64 


5.00 X 10" 


-4 


0.47 


1.00 X 10" 


-4 


0.30 


0.11 


6.60 X 


10" 


-3 



Note: ps is the Spearman rank order correlation coefficient with its associated null probability, Pp. r repre- 
sents the generalized Kendall's correlation coefficient for censored data and Tp is the Kendall's coefficient 
for partial correlation with censored data. Pt and Pt,p are the null probabilities for the generalized and 
partial Kendall's correlation test, respectively. We also show the calculated variance, a, for Kendall Tp. We 
have used a partial correlation test to exclude the effect of redshift (distance) in the luminosity-luminosity 
correlations. 



probability of the null hypothesis for the 8.4GHz/[Ne III] 
and 8.4GHz/[Ne II] ratios, respectively (see Table [5]). The 
8. 4GHz-to-mid- infrared ratios are presented in Table [1] 

Because Seyfert 1 and Seyfert 2 galaxies have statisti- 
cally similar radio emission, relative to the strength of the 
AGN, we separated our sample in two new groups: 1) AGN 
and 2) star formation dominated sources, by following our 
previous study on the AGN and star formation cont ribution 
to the [Ne II] emission line (|Melendez et al.ll2008bl ). In this 
new scheme, sources with more than 50% contribution from 
the AGN to the [Ne II] emission line are considered to be 
AGN dominated and sources with less than 50% contribu- 
tion from the AGN to the [Ne II] emission line, or alterna- 
tively, more than 50% contribution from stellar activity to 
the [Ne II] emission are star formation dominated. One must 
note that in active galaxies with strong star formation, the 
[O IV] emission could be contaminated by the stellar activ- 
ity, where the most likely contributor to the [O IV] emis- 
sion is from HI I regions ionized by Wolf-Rayet stars (see 
iHao et al]|2009l . for discussion). However, if we correct the 
[O IV] emission for stellar contamination in star formation 



Ail »• 



38 39 40 41 



43 35 36 37 38 39 40 41 



Figure 3. Correlation between the ratio Ls,iGHz / L[oiv] ^nd 
the [O IV] and 8.4 GHz luminosities in Seyfert 1 (circles) and 
Seyfert 2 (triangles) galaxies. 
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dominated sources, the resulting [O IV] /[Ne II] ratio will 
have even smaller values, thus reinforcing this quantitative 
classification. Moreover, sources that are well known to har- 
bor massive star formation regions, such as NGC 3079 and 
NGC 6240 may have an additional complication because of 
contamination from the adjacent [Fe II] A25.99/im line from 
the [O IV] in low-re solution IRS spectra. Fo llowing the dis- 
cussion presented in lMelendez et all (12008a) for NGC 3079, 
we estimated the starburst contribution to be ~ 1.5 times 
the uncontaminated [O IV] emission; similar results are ob- 
tained when comparing o ur fluxes with high- resolution spec- 
troscopy for NGC 6240 (|Armus et al.ll2006l ). Nevertheless, 
these extreme cases have been classified correctly as star 
formation dominated sources. Moreover, a factor of ~ 2 in 
the [O IV] fiux represents a dispersion of 0.3 dex, thus within 
the observed dispersion for the correlations presented in this 
study. 

From this new classification we found that, star forma- 
tion and AGN dominated sources are statistically different 
in their radio emission relative to the AGN. The K-S test for 
the 8.4GHz/[0 IV] ratio returns a ~ 0.1% probability of the 
null hypothesis, i.e., indicating that star formation and AGN 
dominated galaxies are from different populations. Figure |3] 
shows the distribution of values for the Lsaghz/L^oiv] ratio 
for Seyfert 1 and Seyfert 2 galaxies, as well as for AGN and 
star formation dominated sources, where the differences in 
distributions can be clearly seen. On the other hand, the K-S 
test returns a 11.9% and 10.2% probability of the null hy- 
pothesis for the 8.4GHz/[Ne III] and 8.4GHz/[Ne II] ratios, 
respectively (see Table 4). Table 4 also includes informa- 
tion about the numbers of AGN and star formation dom- 
inated sources, median values and standard deviations of 
the mean for the measured quantities. One must note that 
a high stellar contribution to the [Ne II] emission, based 
on the [O IV] /[Ne II] ratio and typical of star formation 
dominated sources, does not always translate into higher 
SFRs, but could also indicate a relatively weak AGN (see 
iMelendez eraLll2008bl ). 



4 THE RADIO-TO-MID-INFRARED RADIO 
LOUDNESS DIAGNOSTIC 

By looking at the mid-infrared and radio correlations in 
terms of the dominant source of the [Ne II] emission, we can 
investigate on the relationship between the radio emission 
and the nuclear activity. Figures [5171 show the mid- infrared 
and 8.4 GHz luminosities with AGN and star formation 
dominated sources indicated. In particular, in the [O IV]- 
8.4 GHz correlation. Figure O the upper region of the plot 
(> +a) contains only AGN dominated sources while star 
formation dominated sources tend to occupied the lower re- 
gion (< — cr). Comparing Figures I5I7I one must note how 
the clear separation between the two groups is lost when 
decreasing the ionization potential of the emission lines or, 
alternatively, when the emission line has a stronger starburst 
component, in agreement with the K-S test results. For the 
star formation dominated region, the [O IV] underpredicts 
the observed 8.4 GHz emission. This suggest two possible 
scenarios: 1) star formation could enhance the 8.4 GHz emis- 
sion and/or 2) the AGN in star formation dominated sources 



I 10 

z 



-- Sy i/l.2/1.5 
Sy 1.8/1. y/2.0 



Slar Dominated 
AGN Dominated 



Figure 4. Comparison of the Lg,4GHz / L^qiv] ratio in Seyfert 1 
and Seyfert 2 galaxies and AGN and star formation dominated 
sources. This sample includes 53 AGN dominated Seyfert galaxies 
and 29 star formation dominated sources for the distributions. 
Upper limits for the 8.4 GHz fluxes are not included. The K-S 
test for these ratios return ^ 8.2% and ~ 0.1% probability of 
the null hypothesis between Seyfert 1 and Seyfert 2 galaxies and 
AGN and star formation dominated galaxies, respectively 




LogL„ 



Figure 6. Correlation between the [Ne III] and the 8.4 GHz 
emission. The circles represent the AGN dominated sources and 
the crosses represent the star formation dominated sources. The 
solid line represents the linear regression for the whole sample 
and the dashed lines represent a 1 — tr dispersion 



is more radio loud than estimated via standard radio-to- 
optical estimates. 

In order to determine if star formation activity may 
contaminate the nuclear 8.4 GHz emission we proceed to 
estimate the 8.4 GHz emission associated with the star for- 
mation rates (SFR). For the SFR we adopted the values 
derived from the stellar component of the [Ne II] emission 
( Mclondez et aJL 2 008h'j . Then we used the calibration found 
bv lSchmitt et al] (|2006l ) between the SFR and the 8.4 GHz 
emission. This calibration includes both the thermal and 
non-thermal SFR radio contribution (see Table[5|. From this 
we found that the SFR overpredicts the observed 8.4 GHz 
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Table 4. Statistical Comparison Between AGN and Star Formation Dominated Sources 



AGN Dominated STAR Dominated 





Measurements 




Standard 


Measurements 




Standard 


Pk-s 




Available 


Median 


Deviation 


Available 


Median 


Deviation 


(%) 


Log 8.4GHz/[0 IV] 


53 


-2.8 


0.1 


29 


-2.4 


0.1 


0.3 


Log 8..1Gllz/[Nc III] 


53 


-2.7 


0.1 


29 


-2.4 


0.1 


11.9 


Log 8.4GHz/[Nc II] 


53 


-2.5 


0.1 


29 


-2.7 


0.1 


10.2 


Log 1.4GHz/[0 IV] 


27 


-3.0 


0.1 


16 


-2.5 


0.1 


0.2 


Log 1.4GHz/[Ne III] 


27 


-2.8 


0.1 


16 


-2.4 


0.1 


18.9 


Log 1.4GHz/[Ne II] 


27 


-2.8 


0.1 


16 


-2.9 


0.1 


12.3 



Note: The last column, Pk-Si represents the Kolmogorov-Smirnov (K-S) test null probability. Upper limits 
for the 8.4 GHz and 1.4 GHz fluxes are not included. 




Log L8.4GHZ 



Figure 5. Correlation between the [O IV] and the 8.4 GHz emission. The circles represent the AGN dominated sources and the crosses 
represent the star formation dominated sources. The solid line represents the linear regression for the whole sample and the dashed lines 
represent a 1 — u dispersion. 
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Figure 7. Correlation between tiie [Ne II] and tiie 8.4 GHz emis- 
sion. The circles represent the AGN dominated sources and the 
crosses represent the star formation dominated sources. The solid 
line represents the linear regression for the whole sample and the 
dashed lines represent a 1 — O" dispersion 

luminosities in NGC 3982, NGC 5005 and MRK 897. This 
result is expected because the VLA in A configuration at 
8.4 GHz sample a more compact region than that from the 
short-low and short-high resolution Spitzer slits, from which 
we extracted the [Ne II] emission. Therefore, the 8.4 GHz 
emission derived from the [Ne II] SFRs, represents an up- 
per limit for the star formation contribution, if any, to the 
radio emission at 8.4 GHz. On the other hand, the SFR 
underpredicts the 8.4 GHz emission for 6 out of 9 of the 
sources in the star formation dominated region. For these 
six sources, stellar activity cannot be solely responsible for 
the observed radio excess because it can only account for a 
contribution as little as 2% and no greater than ~ 40% of 
the observed flux, even when including the radio contribu- 
tion from the extended star formation associated with the 
[Ne II] emission. One must note that the estimated SFRs 
represent a lower-limit as wc neglect the stellar [Ne III] con- 
tribution (see Melendez et al. 2008b, for discussion). How- 
ever, all these sources have weak [Ne III], compared to the 
[Ne II] emission, hence the SFR will not be significantly af- 
fect ed nor the estimates for the radio emission. 

13 (gooi) found an intriguing anticorrelation between 
the radio loudness of the galaxies, given by the radio-to- 
optical parameter, and the Eddington ratios, Lboi/LEdd, 
where Li,oi is the bolometric luminosity and LEdd is the 
Eddington luminositj0. In general he found that galax;ies 
with Eddington ratios < 10~^ are in the radio loud terri- 
tory, while galaxies with Eddington ratios of > 1 are in the 
radio quiet regime. In order to investigate this dich otomy we 
first need to estimate Lboi- iHeckman et al.l (|2004l ) first sug- 
gested that the luminosity of [O III] 5007A can be use as a 
proxy for the bolometric luminosity. In this r egard, and by 
extending this analysis into the mid-infrared, iDasvra et al.l 
l|2008l ) found that L[o iv] is related to the 5100A contin- 
uum luminosity for a sample of reverberation-mapped AGN. 

^ The Eddington luminosity is calculated as 1.26 X 
10^^ M/Mq erg s-l 



Table 5. Comparison between the observed and predicted 
8.4 GHz luminosities for the sources in the star formation domi- 
nated region 



Name 


Obs. 


Pred.(SFR) 




Luminosity (W Hz ^) 


IRAS01475-0740 


22.96 


21.38 


MRK 897 


21.73 


22.02 


NGC 2639 


22.50 


20.83 


NGC 3079 


21.44 


21.02 


NGC 3982 


19.37 


20.06 


NGC 5005 


20.27 


20.44 


NGC 5929 


21.40 


20.84 


NGC 7213 


22.14 


20.66 


UM 146 


21.61 


20.49 



Note: In order to estimate the predicted 8.4 GHz luminosities we 
used the SFR values derived from the stellar component of the 
[Ne II] emission (Mclcndcz et al. 2008b). We adopted the cali- 
bration found bv lSchmitt et al.l |200^) between the SFR and the 
8.4 GHz emission. 

From this and by using an estimate for the correction be- 
tween the bolometri c luminosity and t he optical luminosity, 
Lboi ~ 9ALa(5100) (jKaspi et aLll2000l ). they determined a 
scaling factor of 4500 between Lboi and L[o iv] with a vari- 
ance of 0.5 dex. Because [O IV] is less sensitive to reddening 
corrections and is less contaminated by star-forming regions, 
by using L[o iv] as a bolometric luminosity indicator we 
can avoid the limitations of the L[o iii] method. However, 
caution must be taken as for any of these methods the as- 
sumption is that the luminosity from narrow emission lines 
represents the same fraction of Lboi for all AGN. Moreover, 
the bolometric correction c ould be a function of the source 
luminosity and/or redshift jNetzer et al.||2006l l. 

In order to calculate the Eddington luminosity we 
searched the literature for black hole (BH) masses, and 
found 81 BH masses for our radio sample. For the sake of 
uniformity, most of the values for the BH masses were calcu- 
lated by using the relationship between the black hole mass 
and th e stellar velocity dispersion found bv lTremaine et al] 
(|2002l ). except when noted in Table [1] Previous studies have 
sugge sted an u ncertainty of 0.3 dex for the BH masses 
(e.g., 'h3'2002'), however a more conservative uncertainty 
of 0.5 dex may be more appropriate for relatively low mass 
BH {Mbh < W'^Mq). One must note that the range for 
the normalized accretion rate, Lboi/LEdd, in our sample is 
in agreement with the ra nge of val ues found for the radio 
quiet sources presented in lHol l|2002h . The Eddington ratios, 
Lboi/LBdd, are presented in Table [T] 

In Figure |S] we show that a number of star formation 
dominated sources have smaller Eddington ratios in agree- 
ment with the radio excess observed in the star formation 
dominated region in the [O IV]-8.4 GHz correlation. There is 
certainly a trend of the Eddington ratios decreasing with in- 
crease radio loudness for star formation dominated sources, 
but this correlation is not statistically significant with this 
trend been dominated by the sources in the star formation 
dominated region. Also, there is an inherent scatter because 
of the uncertainties in the BH mass estimate. Nevertheless, 
these results show that star formation dominated sources 
with the bigger radio contribution, i.e., sources in the star 
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Figure 8. Comparison between L^oi/IjEdd and Lg.4GHz/L[oiv] 
as a proxy for the AGN radio loudness. The symbols are the same 
as in Figure |5] 
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Figure 9. Dependence of [O IV] luminosity on black hole mass. 
The solid and dashed lines represent different values for Edding- 
ton accretion rates. The symbols are the same as in Figure [5] 



formation dominated region, have smaller mass accretion 
rates. In this regard we also examined the dependence of 
the [O IV] luminosity on black hole mass (see Figure [9]). 
From this comparison it can be seen that star formation 
dominated sources tend to have smaller accretion rates. Al- 
though the scatter is very large, there is a trend of Lyoiv] 
increasing with Mbh- 

Using the radio-to-mid-infrared ratio, 8.4GHz/[0 IV], 
we found that star formation dominated sources are, on 
average, ~ 2.8 times more radio loud than AGN domi- 
nated sources (see Table [IJ. This ratio has the advantage 
of classifying galaxy radio loudness without star forma- 
tion contamination and/or dust extinction in the determi- 
nation of the optical luminosity. On the other hand, the 
galaxy radio loudness determined from the 8.4GHz/[Ne III] 
and 8.4GHz/[Ne II] ratios could be a closer match to 
the historically radio loudness parameter, R, because 
these fine-structure lines of neon could be affected by 



star formation contamination, especially in weak or low- 
luminous AGN. Moreover, in some AGN, the observed 
[Ne V]14.32 /im/[Ne V] 24.32 ^m ratio seems to fall below the 
low-density limit, implying a wavelength dependent extinc- 
tion in the mid-in frared, with stronger extinction at shorter 
wave lengths (e.g. jDudik et al.ll2007 : lGoulding fc Alexandeij 
[iooi), suggesting that [Ne III] and [Ne II] could be more 
affected by dust extinction than [O IV], attributing the sta- 
tistical differences between radio loudness in AGN and star 
formation dominated sources observed with these ratios. 

Overall, we found a good correlation between all the 
mid-infrared lines and the 8.4 GHz luminosities in AGN 
dominated sources. On the other hand, the correlations for 
star dominated sources seems to be strongly affected by the 
distance as these correlations are not statistically signifi- 
cant when using a partial correlation test with the effect of 
redshift excluded (see Table [3)l . These results suggest that 
the nuclear 8.4 GHz radio emission cannot be associated 
directly with the intrinsic power of the AGN, as measured 
with [O IV], in sources that are dominated by star formation, 
or alternatively in low-luminosity AGN, nor can it be asso- 
ciated with star formation emission, because the SFRs for 
most of these sources underpredict the observed 8.4GHz lu- 
minosity (see Table This may argue in favor of an advec- 
tion dominate d accretion flow (ADA F) model for the accre- 
tion disk (e.g.. iNaravan fc Yilll994l ). In this model, the low 
accretion rates for the infalling material may never form a 
thin disk because of inefficient cooling, with the main coolant 
process being cyclo-synchrotron emission, which result in a 
compact radio emission source that is faint in other wave- 
lengths, providing an alternative to low-power jets models 
in radio quiet sources. The accretion rates for some sources 
in the star formation dominated region are sufficiently sub- 
Eddington to support the ADAFs accretion models,e.g., low- 
luminous sources with a bright nuclear radio emission (see 
Table [T|. Previous studies have suggested ADAF-type ac- 
cretion flow models to explain the sub-Eddington accretion 
nature of two of the more extreme sou rces presented in this 
work , NGC 2639 and NG C 7213 (e.g.. lTerashima fc Wilsoiil 
I2OO3I : [starling et "aLll2005l ). Our results support this scenario 
in light of the observed radio "excess", compared to the in- 
trinsic power of the AGN, as these are the most radio loud 
sources in our sample (see Table [1] and Figure |8} . One may 
consider that star formation dominated sources could have a 
greater amount of fueling material in their nuclear regions, 
contrary to the ADAFs accretion models, but as we have 
mentioned before, sources with higher star formation con- 
tributions to [Ne II] do not necessarily have high SFR. 

Finally, we compared the radio-to-mid-infrared param- 
eter by using VLA B-configuration radio flux densities at 
1.4 GHz and the mid-infrared emission lines, between AGN 
and star formation dominated sources. As we mentioned be- 
fore, to estimate the radio contribution from the AGN one 
needs to use high angular resolution data, which are less 
contaminated by star formation from the host galaxy, ex- 
cept for the nuclear stellar activity. However, caution must 
been taken because at 1.4 GHz the region sampled by the 
VLA B-configuration could be contaminated by star forma- 
tion in the circumnuclear region (within the inner few kpc). 
However, when comparing the shape of the SED between 
1.4 GHz and 8.4 GHz emission we found that the K-S test 
for the spectral indices distribution, between AGN and star 
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Figure 10. Correlation between the [O IV] and the 1.4 GHz emis- 
sion. The red diamonds represent the AGN dominated sources 
and the blue squares represent the star formation dominated 
sources. The solid line represents the linear regression for the 
whole sample and the dashed lines represent a 1 — o" dispersion 

formation dominated sources, returns a ^ 51.1% probabil- 
ity of the null hypothesis. This result suggest that stellar 
activity is not the leading effect that drives the radio core 
correlation, as we found previously with the 8.4 GHz emis- 
sion or, in other words, the high-resolution radio images at 
1.4 GHz and 8.4 GHz are, on average, domina ted by the 
active nuclei. Moreover, iMelendez et al.l (|2008al ) suggested 
that because its high ionization potential the [O IV] emis- 
sion is well within the Spitzer aperture on scales of less than 
a few hundreds of parsecs, typical of the NLR. From the 
1.4GHz/[0 IV] ratios we found that star formation and AGN 
dominated sources are statistically different in their radio 
loudness. The K-S test for this ratio returns a ~ 0.2% prob- 
ability of the null hypothesis with star formation dominated 
sources more radio loud by a factor ~ 3 than AGN domi- 
nated sources, in close agreement with our previous finding 
using the radio core emission at 8.4 GHz. On the other hand, 
the K-S test returns a 18.9% and 12.3% probability of the 
nuU hypothesis for the 1.4GHz/[Ne HI] and 1.4GHz/[Ne II] 
ratios, respectively (see Table 4). These results corroborate 
our assumption that the [O IV] emission is a true indica- 
tor of the AGN power, as the [Ne II] and [Ne HI] emission 
could have a strong starburst component in weak AGN. Fig- 
ure [TO] shows the 1.4GHz-[0 IV] correlation, where one can 
see the separation between AGN and star formation dom- 
inated sources, in agreement with the K-S test results and 
despite the smaller sample because of the limited number of 
high-resolution observations. 



5 CONCLUSIONS 

We have investigated the relationship between the radio 
emission and the ionization state of the emission-line gas 
in Seyfert gala^xies with the aim to understand the connec- 
tion between the radio loudness and the ionizing luminosities 
of the AGN. We used the [O IV] emission line to estimate 
the intrinsic power of the AGN and high-resolution 8.4 GHz 



emission to characterize the radio core power. From this we 
defined a radio-to- mid- infrared parameter, 8.4GHz/[0 IV], 
to identify the radio contribution from the Seyfert nuclei. We 
found that Seyfert 1 and Seyfert 2 galaxies are statistically 
similar in their radio emission, relative to the strength of the 
AGN. On the other hand, when separated by the dominant 
source of [Ne II] emission, we found that two groups, AGN 
and star formation dominated sources, are statistically dif- 
ferent in their radio loudness. We found that sources with 
strong star formation, relative to the strength of the AGN, 
or alternatively weak AGNs, tend to be more radio loud, 
by a factor of ~ 2.8, than AGN dominated sources. Fur- 
thermore, in the 8.4GHz-[0 IV] correlation, sources in the 
star formation dominated region have lower mass accretion 
rates than the rest of the sample. Thi s result is in agree- 
ment with the anticorrelation found bv IHoI (|2002| ) between 
the radio loudness and Eddington accretion rates. Given the 
sub-Eddington nature of the more radio loud sources in our 
sample, sources in the star formation dominated region, one 
can invoke advection-dominated accretion models to explain 
their bright compact radio emission and a low-luminous nu- 
cleus both consistent with their high radio-to-mid-infrared 
parameter. 

We also found that high resolution 1.4 GHz emission 
could also be used as a reasonable proxy for the AGN ra- 
dio contribution. When using the 1.4GHz/[0 IV] ratios we 
found that sources in which the [Ne II] emission is domi- 
nated by the stellar activity, or alternatively weak AGNs, 
tend to be more radio loud, by a factor of ~ 3.0, than AGN 
dominated sources, in close agreement with the radio loud- 
ness characterization using the radio core power at 8.4GHz. 
When comparing the observed 8.4 GHz and 1.4 GHz high- 
resolution core emission in our sample of Seyfert galaxies we 
found a strong linear correlation, suggesting that the core 
radio emission is dominated by the active nuclei with a spec- 
tral index of oc . We found the spectral index dis- 
tribution, between 1.4 GHz and 8.4 GHz, for Seyfert 1 and 
Seyfert 2 galaxies and for AGN and star formation domi- 
nated sources to be statistically similar within the groups. 

We suggest that the radio-to-optical parameter, R, used 
to classify galaxy radio loudness may erroneously quantize 
the radio contribution in galaxies with strong star formation 
or alternatively, weak AGNs, in which the optical luminos- 
ity may be contaminated by star formation and/or suffer 
from dust extinction. Instead, we found that a radio-to-mid- 
infrared parameter, 8.4GHz/[0 IV], is a better probe for the 
radio loudness of the galaxy, as it is basically unaffected by 
star formation contamination and is less affected by extinc- 
tion than optically dependent diagnostics. 
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sources presented in the present work. The mid- and far- 
infrared properties of t his sample are discussed in detail in 
'Mel endez et al.l (|2008bl '). For the analysis of the mid-infrared 
spectra observed with YRS/ Spttz e r we fo llowed the proce- 
dure described in lMelendez et al] l|2008ah . 



APPENDIX A: SPITZER/IRS 
LOW-RESOLUTION 5-35 ^tM SPECTRA OF 
THE SAMPLE 

The full sample pre sented in t his w or k includes mid- 
infrar ed fluxes from Deo et all ||2007|). Tommasin et al.l 
l|2008D . ISturm et al.l ((20021 ) . I Weedman et al.l l|2005l ) and 
from our analysis of archival spectra observed with the In- 
frared Spectrograph (IRS) on board Spitzer Space Telescope 
l| Werner et al.ll2004l 'l. Figure lXTI shows the resulting IRS low- 
resolution spectra (Short-Low, R'^60— 127 and Long-Low, 
R~57— 126) from our analysis of archival spectra for 20 
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Figure Al. Spitzer/IRS low- resolution 5-35 /xm spectra from our analysis of 20 sources presented in iMelendez et al.1 ll2008lj) and 

discussed in the present work 



